A study surveying experts and related literature reveals the mostand least-valued generic professional abilities for engineers in the information and communication technology (ICT) sector.
T
he current business environment is increasingly more complex, dynamic, and turbulent in both the macro and micro scales. This is especially evident when we consider key issues such as globalization, politics, technologies, social and economic matters, suppliers, clients, and product and services competition. [1] [2] [3] This effect is particularly noticeable in the information and communication technology (ICT) sector, where escalation in the number and propensity of changes necessarily generates increased uncertainty and makes predicting market behavior more difficult.
Within this new paradigm, we must reconsider the models of competitiveness established to date, especially those that refer to resource and personnel management. Manuel Castells contends that capitalist production has passed from an industrial to an information model. 4 He considers information the new material base of technological activity and social organization, which is manifested in his network society model. Furthermore, the European Union (EU) is clearly moving toward a new productive system, a knowledge-based economy, with the objective of becoming the most competitive society in the world by 2010. 5 Along these lines, Castells claims, Faced with the emerging nations, if Western Europe and the US have a knowledge-based economy which generates competitive advantage, it shouldn't be modified by training engineers or developing electronic technology, since research shows that recently industrialised countries are perfectly able to compete; but rather the issue should be treated like other important social fields like anthropology, psychology, sociology, communication, public health, education, architecture, design or management science. 6 In the same article, he concluded by suggesting that our engineers are no better than Chinese engineers-but more expensive, and instead of rediscovering engineering that has been partially replaced locally by computers and robots, or at a distance by Indian and Chinese people, we should build the knowledge-based economy by investing in the social disciplines and linking them to business schools.
Although Castells makes some relevant points, we don't agree with such reasoning in its entirety. The ICT sector faces savage competition, where the threat of new competitors (emerging nations) is added to that of the well-established competition (such as the US and Japan There is a lovely Spanish proverb that translates as "the swell and storms flatter the best navigators" (www.refranespopulares.com), echoing the English adage "fortune favors the brave." This leads us to ask (with regard to telecommunication engineers, computer scientists, and designers), which ICT graduates' professional abilities will make them the best navigators?
Professional Abilities
To flesh out this question, given the confusion and ambiguity that exists around the subject, we must start by trying to specify exactly which professional abilities we're referring to. We did a related literature review and found plenty of authors and studies that deal with this theme. [7] [8] [9] Here's a look at several related studies:
• Debra D. Bragg defined 98 outcome statements that she subsequently grouped into nine clusters by means of factor analysis.
10
• John Arnolda and his colleagues defined 15 abilities.
11
• George D. Kuh, based on an analysis of indepth graduate interviews, employed only five categories of basic abilities that included a total of 13 skills.
12
• Neville Bennet, Elisabeth Dunne, and Clive Carré only used four clusters that incorporated 42 abilities. 13 • Michael K. Badawy grouped basic abilities in terms of administrative, technical, and interpersonal skills.
14 Despite this lack of consensus, we can broadly define the concept of professional abilities as the combination of knowledge, skills, and character that people possess in relation to their professional activity.
In the literature, researchers have paid much attention to identifying and defining the knowledge a telecommunication engineer requires. However, defining the personal abilities required has received relatively little attention. Even though character is intrinsic to a person, difficult to modify, and well defined at an early age, people can work on and successfully improve interpersonal skills, especially in a university environment. It's this gap, this difference or guidance in capacity development, this added value, that Castells refers to in his article. 6 It's important to clarify that there's much ambiguity in terms, amplified by the subtle yet meaningful variations caused by interpreting vocabulary in different contexts and the absence of exact translations between languages, that sometimes blurs understanding and precision. For this reason, we propose an approach we call 4C to define, categorize, and clarify the terminology used when we reference the wide-ranging, complex concept of professional abilities. Our 4C approach consists of a principal C (competence), which incorporates or unites three others: knowledge, capabilities, and character. (We originally wrote this article in Spanish, where the word for knowledge begins with the letter C.)
Knowledge is the training and experience that professionals accumulate. It incorporates not only explicitly learned knowledge (such as qualifications, postgraduate studies, and various courses and languages), but also all the unspoken, internalized experiential learning that takes place during a person's working life. Thus, knowledge tells us, "What have we learned?" Capabilities (also known as skills, abilities, or proficiencies) refer to a repertoire of behavior that some people are able to apply better than others, making them more efficient in particular situations. This set of skills tells us, "What are we good at?" Finally, character indicates the features of our personality and outlook and refers to our way of being, thinking, and feeling, based on our individual experiences. Character traits tell us, "What are we like?"
Objectives and Methodology
The main objective of our work is to define and evaluate the professional abilities of an engineer who works as an IT professional in Spain, primarily telecommunications engineers and computer scientists. Their occupational profiles will provide us with a useful tool for defining and conceptualizing curriculum plans for new qualifications, which the EU Higher Education Area project will require in 2010. European universities, institutes of higher education, and learning centers are currently drawing up such proposals.
This article presents a first attempt at defining the professional characteristics-in terms of competence and aptitude-that an IT professional should possess. It focuses more on interpersonal skills and abilities than to knowledge and technical expertise.
Such an ambiguous objective is too general and broad, so we've defined a certain type of worker and a more specific geographic framework. In particular, we want to identify which skills an ICT engineer should have, and be capable of developing, in order to find employment in companies in the Spanish ICT sector.
To identify these skills, we must begin by establishing an initially broad set of professional abilities that are necessary for the development of professional competence in computer scientists and telecommunications engineers working as IT professionals. Also, we must establish which types of occupational profiles those specialists can bring to the sector. We analyzed the related literature to identify which skills and profiles are significant. Also, using a panel of experts, we attempted to evaluate and then rank the specified abilities for each profile grouped in Mintzber categories. (Henry Minztber divided one organization into three main parts in his organizational configuration model: top management or strategic apex, middle management or middle line, and operation or operating core.) We focused on an expert panel because we believe they're able to forecast tendencies and provide us with significant conclusions. 15 This approach is useful for the purposes of this article, but it also has limitations, which we'll discussion shortly.
Abilities, Skills, Competence, or Aptitude
The range of skills or personal abilities that a professional can bring to the workplace varies widely. Because putting such a general question to the experts could have led to an infinite number of responses, we felt it necessary to establish an initial list. We first asked the expert panel if they considered a preliminary aptitude filter to be acceptable and then to rank each of the different skills.
To carry out the initial filter, we referred to the Department of Vocational Guidance and Work Placements within the Technical University of Catalonia's Friends Association (www.upc.edu/ aaupc), which produces an annual report of the abilities and personal skills demanded by companies. 16 The report is based on information obtained through department surveys and details taken from related job vacancy listings.
The most recently published report (2003) (2004) ) is based on an annual average of 730 job descriptions, which corresponds to approximately 20 percent of the graduates who received their degree from Technical University of Catalonia (www.upc.edu). This figure includes approximately 3,638 students in the 2003-2004 academic year, across all centers and including first-and second-year students, according to the management statement for that academic year (www.upc. edu/dades/2005).
To define the personal skills most valued in ICT engineers in the Spanish ICT sector, we also used the White Book, which is produced by the Higher Education Area project and details qualifications in computer sciences. 17 The White Book specifies generic transversal skills in relation to occupational profiles relative to the management and deployment of computer technologies (www.escet.urjc. es/~eees/docs/g/VersionPreliminarLibroBlanco IngenieriaInformatica.pdf). These conclusions form part of a huge piece of field work conducted with a range of engineers and contributions from specialist colleges, associations, and well-respected professionals from the computing sector.
Finally, we consulted the study of occupational profiles known as the Telecommunication Engineering Project, 18 produced by the National Agency for Evaluation of Quality and Accreditation (ANECA, www.aneca.es/publicaciones/ libros-blancos/libro_blanco_teleco.aspx), as well as the White Book for future university degrees in the ICT field. 19 We also looked at other literature on an international level, which endorsed the selection of skills. [20] [21] [22] After analyzing the data we extracted from these sources, we drew up a list of the most important skills and abilities. Specifically, we crossreferenced the source material and noted the number of times each term appeared. The important skills for IT professionals include Our next step was to assess each of these skills against each of the different occupational profiles required by the highly profitable ICT sector.
Occupational Profiles
Trying to specify occupational profiles isn't a simple task because the sector is constantly changing, making technical skills obsolete.
The first report from the Proposal of Activities for Training Electronics, Informatics, and Telecommunications Engineers (PAFET) project clearly explained that the profiles aren't static; they have a life cycle, and they emerge, evolve, and disappear according to technological advances. 23 (See the "PAFET" sidebar for details on this project.) Furthermore, companies themselves are unable to agree on a definitive list of profiles: large companies use specialized profiles, whereas medium and small companies have more generalized profiles. In a small company, the same person might take on the roles of several staff members in a larger company. Furthermore, the White Book has sanctioned the profiles of only a few generic groups, suggesting that it's impossible to find a fixed set of occupational profiles because they're in a state of flux. For this reason, we only defined three general profiles:
• software development, • systems design, and • management and deployment of information technologies.
This profile classification system conveniently groups many types of work into three categories that define the whole sphere of information technology: software solutions, hardware solutions, and information management. The fundamental advantage of this classification is that it's highly probable that these profiles will continue to be relevant in the long term and, therefore, are less prone to obsolesce. That said, the personal abilities for each profile are flexible, due to their generality, and we might discover that all the occupational profiles require a set of similar skills. For this reason, we opted to look for more specific profiles and then group them within the more general profiles, consequently benefiting from the advantages of both approaches.
Revising the epistemology, we found and selected several research papers that helped us refocus our subject. The goal wasn't to conduct a study of existing occupational profiles, but rather to ascertain which skills best fit each profile.
In light of this, we referred to the Sectoral Study of Telecommunications, conducted by the European Social Fund (www.ccoo.es) and the Tripartite Foundation, as well as the three PAFET reports (see the related sidebar), which were endorsed by the Board of National Association of Electronic and Telecommunications Industries (ANIEL), the Official College of Telecommunications Engineers, and the Board of Universities. We also paid particular attention to research by the Career Space consortium (http://mural.uv.es/ luisupa/Career-Space.zip). From all the cited literature, we compiled a list that we believe epitomizes all the possible occupational profiles of the Spanish ICT sector. We specify the resulting 18 categories in the next section, but the objective of the study wasn't to identify occupational profiles in relation to a set of tasks or certain areas of knowledge. Instead, we identified occupational profiles with regard to the personal abilities they call for. To achieve this, we introduced a second filter that let us incorporate the 18 profiles into three homogenous groups or sets of similar jobs, paying attention to the skills and personal abilities required to perform them.
The method of categorization we used corresponds to Mintzberg's classification of business organizations: 24 • Group A (strategic apex) includes senior managers who take overall responsibility for management and formulation of strategy.
• Group B or (middle line) includes middle managers with formal authority and responsibility who coordinate and see that strategic policies are implemented throughout the rest of the organization.
• Group C (operating core) includes the people who carry out the work directly related to the production of goods and services, or company output. Table 1 indicates to which group each profession belongs.
Expert Panel
Our expert panel included ICT specialists who had extensive work experience, prestige within the sector, a general overview of the sector, and, at the same time, were knowledgeable of matters regarding engineer instruction and training. We interviewed 10 experts, including general directors of significant companies in the ICT sector, public institutions, and administration managers, along with university professors such as the dean of the Official College of Computer Engineering of Catalonia and the dean of the Faculty of Computer Engineering of Barcelona. (The number of experts we selected fits with similar studies based on expert panels. 15 ) Their expertise has been established by their status among their peers, their years of professional experience, their own self-appraisal of relative competence with regard to our questions, and the amount of relevant information to which they have access.
We presented the experts with the list of skills and abilities and the list of occupational profiles for Spanish IT professionals. (Each list underwent a prior analysis to check its validity.) We asked them if the lists were either excessive or if we had omitted any skills or occupational profiles. Finally, we asked the experts to confirm that both lists were valid, needing no amendment. 
Str ategic Pl anning
Next, we asked them to indicate which three abilities they considered most important to satisfy the tasks and objectives relevant to each occupational profile, and which three they considered least important, or less relevant, for that post. We added a positive point when the expert considered an ability relevant and a negative point if they judged the ability less relevant.
We transferred the sum of the experts' marks for each ability and profile to a 2D plane and analyzed the Euclidean distances to check against the possibility of inconsistent values that could have affected the subsequent conclusions. The result of the analysis established the viability of the opinions of all the experts who participated. (Various studies and scientific articles support this method of analysis. 15, 25 ) Subsequently, we computed and analyzed each profile's assessments and then categorized the results into the three homogeneous groups. Table 2 presents the results alphabetically.
Finally, we noted the abilities rated as most important for the job, or more highly valued, that exceeded the mean average of each homogeneous group plus the standard deviation, as well as those rated as least important, or less valued, that fell below the mean average minus the standard deviation.
Results
The most and least valued abilities for the three homogeneous groups A, B, and C (strategic apex, middle line, and operating core) were as follows:
• Group A. The most valued abilities were strategy and planning, leadership, and negotiation. Creativity was the least valued.
• Group B. The most valued abilities were a commitment to customer service and communication.
Personal development, creativity, negotiation, and leadership were the least valued.
• Group C. The most valued abilities were problem-solving skills and teamwork. Persuasiveness, leadership, negotiation, and change management were the least valued.
These results demonstrate that the most valued abilities differ for each group. Leadership, strategy and planning, and negotiation abilities are most important for the occupational profile On the other hand, the least valued skills coincide across the groups. In the management Groups A and B, creativity is the least valued ability. Leadership and negotiating ability are less significant for Groups B and C. Furthermore, for Group B, less importance is given to personal development, and for group C, the least critical skills are persuasiveness and change management.
T
he two main ways to maintain competitive advantage in dynamic markets such as ICT are through innovation and strategic flexibility. 26 Therefore, it seems reasonable to conclude that workers in this sector should possess abilities and skills consistent with flexibility and innovation, especially those with the most management responsibility. Intermediate-level managers must also be responsible for strategy and all operational activity.
Acknowledging that premise and our previous studies, 27 the results we obtained in this study are somewhat surprising. Creativity plays an important role in innovation and strategic flexibility, but it isn't highly valued. In fact, it's considered the least important for the professional groups that have the most responsibility.
Again, it's surprising that abilities related to innovation and strategic flexibility (such as change management, knowledge management, and the capacity to innovate) don't appear among the most valuable skills. Moreover, the notion that change management is least important for the workers in core operations is also unexpected.
We intentionally chose an expert panel for this study because we believed it would help us forecast the tendency of the professional needs, especially considering how changeable the ICT sector is. Therefore, we must acknowledge that our conclusions are based on the knowledge and intuition of the specialists we consulted. There seems to be a clear contradiction between the panel of experts' evaluations, those suggested by strategic theory, and the case that Castells makes in his work. Because our results also seem to clearly contradict what was initially expected according to our literature review, it would be wise for future research to contrast them with data coming from primary sources based on surveys in the ICT sector. Also, due to the limitations related to the number of experts we consulted, our conclusions are preliminary. A quantitative study would help reinforce our conclusions.
If we base European competitive advantage on a knowledge-based economy, so that technological activities and knowledge are a real alternative to the exodus of the mass production industry, perhaps we must more clearly establish what has to be contributed and, consequently, how we should train our future IT professionals. If technical competence is a commodity, and character is defined at an early age, we must establish, between interpersonal skills and competency, what will add value and give a greater return for Spanish IT companies.
